Abstract-Power system reliability, stability and efficiency are the most important issues to insure continuously feeding of customers. However in process of time, system will be age and the probability of failures will increase and faults inevitably will occur. When a fault occurs, the first reaction is isolation of the faulty area, then with aid of software and/or skillful person quick restoration is essentially needed. To minimize the out-of-service area and activity time of restoration many methods are suggested depend on objectives and constraints of restoration strategy. In many researches a Genetic Algorithm is employed as a powerful tool to solve this multi-objective, multi-constraint optimization problem. Out-of-service area minimization, reduce the number of switching operation and minimizing the minimum electrical power loss in restored system are the prior objectives of restoration plan. In this paper, as transformers are the most expensive and more effective equipments in the electrical network, failure probability increasing is introduced as a new constraint in genetic algorithm by authors. Expected results of this new algorithm should lead to a new plan of restoration in permissible ranges of transformer loading in respect of their age, previous experienced faults and condition monitoring.
INTRODUCTION
Electrical power network is planned to supply the customers without any longer interruption during the outage. When a fault occurs in the system, relays detect and disconnect the faulty area by opening the circuit breaker. So power becomes unavailable to some loads in certain area. Except the faulty area, utility should reenergize the loads very quickly and as further as possible. Disconnecting the fault and re-energizing procedure is called service restoration. The operators in control centers consider the out-of-service areas and based on restoration strategies decide which switches have to be opened or closed and reconfigure the network. In most of cases the reconfiguration proposed by the restoration strategy should express warranty the minimum power loss, minimum number of switch operations and maximum reenergized customers in respect of their priority.
In this paper, an algorithm is developed to find the optimal radial network restoration after occurrence the fault by Genetic Algorithm (GA). The distinct matter in this work is taking into account of loading of transformer to decrease the probability of future failure of the transformers as a new constraint and assigning specific strategy to re-giving the opportunity to those solutions that breaks the constraint but acceptable in terms of other objectives and constraints in order to avoid local minimum.
II. TRANSFORMER FAILURE
The main task of restoration plan is transfer of the load from outage area to the intact electrical network. Hence, some of equipments such as transformers must bear upon extra loading in an undetermined interval of time and may be beyond of their withstand threshold.
Although transformers are designed to withstand incipient failure such as over voltage and lightning strikes, in process of time and with aging of their insulations the actual withstand threshold will be decreased. Typical causes of transformer failure generally can be categorized as internal (overheating, moisture content, partial discharge …) and external (short circuit, system switching operation …) reasons [1] . Hence electrical, mechanical and thermal stresses in addition with these failures and gradually increasing load of transformer due to increasing of demands make a "bathtub" curve pattern of transformers failures. Figure 1 show that in the end of years of service due to remaining mechanical strength of solid insulation increasing in failure rate will be expected. Figure 1 . Bathtub failure curve [1] 2010 IEEE International Conference on Power and Energy (PECon2010), Nov 29 -Dec 1, 2010, Kuala Lumpur, Malaysia 978-1-4244-8946-6/10/$26.00 ©2010 IEEESo, normal ageing, ingression of moisture in the oil, premature failures and so on decrease electrical and mechanical strength of insulations and then the risk of long time and short time emergency loading of transformer will be involved some undefined level of risk. IEEE guide for loading mineral-oil-immersed transformer has listed the risk areas such as evolution of free gas, operation at high temperature, pressure build-up in bushings for current above rating. These levels of risk should be considered when loading beyond nameplate rating is desired [2] . Also, CIGRE has proposed a failure model to study the serviceability of a power transformer. Figure 2 shows decreasing the strength from new to old transformer and role of failure with and without fault in ageing [3] . Figure 2 . Abstract of transformer failure-prepaid by CIGRE [2] However, because of thermal accelerated aging due to loading beyond nameplate rating and avoid to increasing the risk of future failure, loading strategies has to plan very precisely.
III. ENERGY RESTORATION AND FORMULATION
When a blackout occurs because of fault in some part of system, initially the faulty sector (bus, feeder, line or a load section) must be isolated from the intact electrical system. Then, the out-of-service area must be connected to other feeders by opening and closing planned switches. Thus the main aim of restoration is to find the best way of energizing out-of-service area without violating operational constraints. Depend on number of planned switches there are several line route maps to energize this area. Hence, to find the best way to reconnect the outage equipments and area, some objective and constraints must be followed. Some of these constraints are standard requirements and some of them are dictated by utility conditions and determine by respect of the type of costumers(priority of costumer), quantity of lost loads(current magnitude of each feeder), permissible ranges related to required power quality(voltage drop) and decreasing the probability of failure on effective equipments( transformers).
To define the objectives, as the customer satisfaction is affected by the availability of supply, minimization of the out-of-service area has kept as the first preference. Then to reduce the time of restoration minimization of switch operation define as the second preference of objective function and finally the objective function of minimization of power losses has kept as the third preference [4] .
A. Objective functions 1) Outage Area Minimization:
Where X is switch status vector of corresponding system service restoration [5] .
status of switch. A closed switch is represented by 1 and an open switch is represented by 0; total number of switches in the network: number of organized buses in the network before fault; load on the bus. B set of energized buses in the restored networks.
In equation (1), it is assumed that in an "n" bus power system, the buses are numbered from 1 to "n" in the prefault case; all of the buses in the network are energized. Therefore, "b1" is equal to "n." However, in the post fault scenario, all of the buses would not be necessarily energized. Hence, "B" would contain only the energized buses. For example, in a five-bus system b1=5 and if, in the post fault case, bus 3 cannot be energized, then B= (1, 2, 4, 5) [5] .
2) Number of Switch Operation Minimization:
Where Nm is the number of switches; SWMj is status of jth switch in network just after the fault; SWMRj is status of the jth in the restored network [5] .
3) Loss Minimization: Min F3 () = Power loss in the restored network which can be calculated with help of load flow study.
B. Constraints
1) Radial network structure should be maintained.
2) Bus voltage limits should not be violated.
3) Load capability of each transformer should be kept in permissible ranges.
IV. APPLICATION OF GA IN RESTORATION
The GA searches the set of possible solutions for the optimum. Adding a new constraint in a heuristic method may require reimplementation or often a complete change of the algorithm. A GA is preferred to a specialized heuristic for the supply restoration algorithm because it is much easier to change constraints or objective, or apply new ones.
In this paper, authors set the parameters so that the number of genes selected will be smaller. Details along with the reason behind this newly proposed method for efficiently improving fitness using the method will be discussed.
Step 1: Binary String Encoding
The main necessity for applying a GA to an optimization problem is that a solution to the problem can be represented by a string of symbols.
Since the topology of a distribution network should be exclusively defined by the status of all available switches, a solution to the supply restoration problem should be encoded as a function of the all switch states of the network. The most natural coding method is to have a binary string with length equal to the number of switches in the network. Each switch state is represented by one bit with a value '1' or '0' corresponding to 'closed' or 'open', respectively. It is also helpful if the encoding maps as many chromosomes as possible to feasible solutions. The ideal encoding would give only feasible solutions, so that the GA would not need to test for feasibility [6] .
Step 2: Initial Population Basically the initial population is generated randomly. This is the simplest method, in which no knowledge about the network is required. As the configuration of a network is represented by the status of all switches in the network, the string used in this algorithm for service restoration problem represents the status of all the switches in the system.
One of the strategies which can be adopted to save the algorithm time is to apply the normal configuration as one of the individuals. If everything goes true, it's expected the optimal solution would be found near the normal configuration. Therefore if one of the individuals of the initial population is substituted by the individual representing the pre-fault configuration, so the chance of obtaining the optimal configuration in the best time is extremely increased which is the advantageous of the proposed algorithm [6] .
Note that at the state of generating individuals, only the individuals in a radial formation are targets for evaluation. When individuals that are not radial are created, an operation to re-create them again without evaluation is executed. Moreover, when any of the limitations is violated even for individuals that have been evaluated, they are not used as individuals, and this operation is executed. This operation is the same for crossover and mutation, to be described below.
Step 3: GA operators a. Crossover Crossover is the process of taking two parent solutions and producing from them a child. After the selection (reproduction) process, the population is enriched with better individuals. Reproduction makes clones of good strings but does not create new ones. Crossover operator is applied to the mating pool with the hope that it creates a better offspring [7] . b. Mutation After crossover, the strings are subjected to mutation. Mutation prevents the algorithm to be trapped in a local minimum. Mutation plays the role of recovering the lost genetic materials as well as for randomly disturbing genetic information [7] .
Step 4: Applying in Restoration During restoration, normally analysis starts from all sectionalizing switches included in the area without power and in a state of failure being off. This implementation is used because of considerations for the switching sequence. As a result, starting from the normal operating state the GA is executed starting from the state in which only the switches in the failed section are OFF. After a search for the final generation set is performed, the individuals with the greatest fitness become the target system for restoration. If the final generation is not reached, then the process returns to Step 3, and the operations above are repeated [4] .
V. RE-GIVING THE OPPURTUNITY
After GA Operators are executed the evaluation stage is began. Each solution has its own value according to its fitness. Although some of solutions break the constraints but maybe they are acceptable in terms of other objective functions. An objective function can be accounted for these solutions by giving the opportunity to each solution that breaks a constraint. In this stage proposed algorithm subtracts a value from the calculated fitness that depends on the constraint and the extent of the violation (if that measurement is meaningful) [8] .Not only these solutions are not omitted from searching space, the algorithm gives the opportunity to each solution that breaks a constraint to them to generate new offspring to hope they are better in terms of fitness. This avoids missing the good solutions in the first stage and avoiding capturing in the local minimum.
VI. DISCUSSION In this paper, the parameters that effect on transformer loading capability and probability of failure are introduced to an algorithm as constraints.
Then, an optimal service restoration algorithm is proposed to make best decision to supply a restoration strategy. To achieve this goal a penalty method is applied to avoid producing infeasible solution and making the algorithm faster. Therefore, by applying these improvements to GA in parallel, it is expected to save time and decrease the probability of failure and prevent the future fault on transformer occurs due to 'blind' restoration.
